Background: Lupus patients are at risk for pregnancy loss, and it has been generally accepted that women with SLE should have low disease activity prior to conception. However, there are conflicting results regarding the effect of pregnancy on SLE flares. This study aims to identify predictors of flares during and after pregnancy in SLE patients with inactive or stable disease activity during the first trimester and to characterize and estimate the frequency of post-partum flares in these patients. Methods: SLE patients in the multicenter, prospective PROMISSE (Predictors of Pregnancy Outcome: Biomarkers in Antiphospholipid Antibody Syndrome and Systemic Lupus Erythematosus) study were evaluated for flares during and after pregnancy using the SELENA-SLEDAI Flare Index. Flares during pregnancy were assessed in all 384 patients and post-partum flares in 234 patients with study visits 2-6 months post-partum. Logistic regression models were fit to the data to identify independent risk factors for flare. Results: During pregnancy, 20.8% of patients had mild/moderate flares and 6.25% had severe. Post-partum, 27.7% of patients had mild/moderate flares and 1.7% had severe. The mild flares rarely required treatment. Younger age, low C4 and higher PGA at baseline were independently associated with higher risk of having at least one mild/moderate or severe flare during pregnancy. Older patients were at decreased risk of flare, as well as those with quiescent disease at baseline. No variables evaluated at baseline or the visit most proximal to delivery was significantly associated with risk of flare post-partum. Medications were not associated with flare during or after pregnancy. Conclusion: In patients with inactive or stable mild disease activity at the time of conception, lupus disease flares during and after pregnancy are typically mild and occur at similar rates. Flares during pregnancy are predicted by the patients' age and clinical and serological activity at baseline.
and the postpartum period. What predicts disease flares during these periods remains an unanswered question.
Reported rates of flare during pregnancy vary widely, from 13 to 74% [5] [6] [7] . Previous studies in pregnant SLE patients have included those with high and low disease activity at baseline. In prospective studies, rates of flare during pregnancy range from 0.6 to 1.68 per person-year and from 0.36 to 1.8 per person-year post-partum [8] [9] [10] [11] [12] .
We previously reported that in the PROMISSE study, a prospective, multiracial, multiethnic cohort of pregnant SLE patients with inactive or stable mild disease activity at baseline (8-12 weeks gestation), 12.7% of patients had mild/moderate flares during the second trimester and 9.6% during the third trimester. 2.5% of patients had severe flares during the second trimester and 3.0% in the third, mostly consisting of nephritis, pleuritis, and arthritis [1] . These rates are relatively low, and most mild/moderate flares required no treatments.
The objective of the current study is to determine the rate and characteristics of post-partum flares and to identify independent predictors of experiencing any type of flare during pregnancy and post-partum. We also estimated the incidence of flare per person-year to compare our results to the only other large, multiracial, prospective cohort of SLE pregnancy [9, 10] . We employed data from the PROMISSE (Predictors of Pregnancy Outcome: Biomarkers in Antiphospholipid Antibody Syndrome and Systemic Lupus Erythematosus) study, a prospective, multiethnic, multiracial cohort of SLE patients.
Methods

Study design
PROMISSE study enrolled pregnant women with SLE meeting the revised American College of Rheumatology criteria, women with antiphospholipid antibodies (aPLs), and healthy women at 8-12 weeks gestation and followed them monthly and approximately 3 months post-partum [1, 13] . The current report focuses on the patients with SLE with or without aPLs.
Patient population
Between September 2003 and December 2012, consecutive pregnant patients meeting inclusion criteria (age 18 to 45 years with hematocrit greater than 26% were enrolled at less than 12 weeks gestation) were enrolled at 8 sites in the USA and 1 in Canada. The PROMISSE study was designed to identify predictors of adverse pregnancy outcomes in patients with SLE. To restrict our analysis to patients with quiescent or stable, mildly active disease and avoid other known risk factors of pregnancy complications that may be present in SLE patients with active disease, patients taking prednisone greater than 20 mg per day, with proteinuria greater than 1 g/24 h, or creatinine greater than 1.2 mg/dL were excluded. All baseline clinical and laboratory measures were collected at the screening visit (8-12 weeks gestation). All women with SLE enrolled in PROMISSE (n = 384) were included in the intrapartum analysis. In the analysis of postpartum flares, we included patients who had study visits between 2 and 6 months post-partum (n = 234) to include the maximum number of patients where disease activity could be attributable to the post-partum state. Most of the other 150 patients presented for their postpartum visits well beyond 6 months, and active SLE, if present, would not likely be related to an effect conferred by pregnancy per se.
Definition of SLE disease activity and flares during and after pregnancy
Disease activity was measured at each visit using the Systemic Lupus Erythematosus Pregnancy Disease Activity Index (SLEPDAI) and Physician Global Assessment (PGA). This instrument has been modified from the SELENA-SLEDAI to discount changes of pregnancy that mimic lupus disease activity, such as chloasma and headaches associated with PE [14] . Flares were defined using the SELENA-SLEDAI flare Index and were assessed during each trimester and at 2 to 6 months post-partum. If a patient had a flare between trimester visits, this was recorded in an interim visit or by review of medical records if seen by another physician and incorporated into our results. Study investigators initially were trained with "paper" pregnant patients with SLE and interrater reliability in the assessment of flares was subsequently evaluated. As previously reported, the average correlation of investigator responses with the gold standard response was 0.89 (95% CI, 0.83-0.95), and the inter-rater reliability estimated by the intraclass correlation coefficient was 0.78 (95% CI, 0.61-0.89) [1] . In some cases if the patients were seen by a rheumatologist other than the study investigator during a flare, medical records from that physician were reviewed.
Statistical analysis
The flare data were summarized by computing the proportion of patients who experienced any flare during the relevant time period (pregnancy, post-partum), as well as the incidence of flare per person-month of follow-up which included data on all occurrences of flares from all patients. Bivariate associations of baseline patient characteristics and flare status (i.e., whether patient experienced any flare) during and after pregnancy were evaluated using the T test for continuous variables and the chi-square test for categorical variables. Multivariable analyses were conducted by fitting logistic regression models to identify independent predictors of having at least one flare during pregnancy. A step-wise variable selection approach was applied, and the final logistic regression model included only those predictors that remained significant at the p < 0.05 level. To account for multiple occurrences of flare in the same patient, a negative binomial regression model using the logarithm of the gestational age as the offset term was also fit to the data. As previously reported, missing data rates for all baseline variables were low (0-7%), with the highest missing data rates occurring for C4 (7%), C3 (5%), PGA (5%), and urinary protein excretion (3%) [1] . Missing data were handled using both listwise deletion and multiple imputation using chained equations; results were nearly identical so only those based on the former are reported.
Results
The SLE patients had an average age of 30.9 years and inactive or mild stable disease activity at baseline with a mean SLEPDAI score of 2.79 (SD 2.99) and mean PGA of 0.4 (SD 0.54) ( Table 1) . Among the 234 patients who had their post-partum visits between 2 and 6 months after delivery, 191 patients remained pregnant beyond 36 weeks, 22 delivered between 32 and 36 weeks, 16 between 22 and 32 weeks, and 5 by 20 weeks.
Rates of flares
One hundred patients out of 384 (26%) flared at any point during pregnancy; 20.8% of patients had at least 1 mild/moderate flare, and 6.25% had at least 1 severe flare. The overall incidence rates of flare during pregnancy were 0.3 per person-year for mild/moderate flares and 0.09 per person-year for severe flares. The majority of all flares occurred in the second and third trimesters, with only 4% occurring in the first trimester.
In the post-partum period, defined as 2-6 months after the end of pregnancy, most patients had quiescent disease; only 23 of 234 patients (9.8%) had a SLEPDAI score > 6, and only 20 patients (8.4%) had a PGA > 1 ( Table 2) . Mild/moderate flares were documented in 22.7% of patients and severe flares in 1.7%, similar to the rates observed during pregnancy. Flares were distributed throughout the post-partum period: 22.8% after 2 months, 45.6% after 3 months, 21.1% after 4 months, and 10.5% after 5 months. Post-partum incidence rates for mild/ moderate and severe flares were 0.8 and 0.06 per personyear, respectively. The flares were mild and typically comprised serologic or cutaneous manifestations (e.g., newly positive anti-dsDNA and/or low complements). Serious visceral complications were rare ( Table 2) . Of the patients with increased post-partum proteinuria (> 0.5 g/24 h change or with a change in urine dipstick by 2), 11 of the 12 had a history of lupus nephritis prior to their pregnancies, and only one had a change in therapy. The patient with vasculitis had low-grade vasculitis typical for that patient, and the patient with psychosis did not have focal neurologic findings and had intermittent psychotic thoughts. Only 19 of 57 (33.3%) postpartum flares were treated: 13 with an increase in prednisone, 6 with NSAID or hydroxychloroquine, and 1 with mycophenolate mofetil, which was started in a patient with a severe flare and persistent proteinuria (Table 1) . Otherwise, consequences of post-partum flares were minimal.
Bivariate analyses of risk factors for flare
We evaluated the association of baseline characteristics (collected at < 12 weeks gestation), laboratory values, disease, activity, and medications with occurrence of flare of any severity during pregnancy ( Table 1) . Baseline demographic and clinical variables that were significantly associated with experiencing a flare during pregnancy were ethnicity/race (p = 0.019) and age (p = 0.002). Patients who did not have flares during pregnancy were more likely to be non-Hispanic white and older. Of laboratory values, low C4 was significantly associated with flare (p = 0.005). Disease activity at baseline was higher in patients who had a flare during pregnancy. Specifically, mean SLEPDAI (p = 0.012), mean PGA (p < 0.001), proportions of patients with SLEPDAI greater than 4 (p = 0.011), and proportion with PGA greater than 1 (p = 0.005) were all higher in the group that flared. None of the medications evaluated, including glucocorticoids, hydroxychloroquine, azathioprine, heparin, aspirin, or anti-hypertensives, were significantly associated with flare during pregnancy.
In contrast to the findings observed for flares that occurred during pregnancy, baseline patient characteristics were not correlated with post-partum flares. We also evaluated laboratory values, disease activity, and medication use at the last visit during pregnancy and again found that none were associated with post-partum flares (results not shown).
Multivariable analyses of predictors of flare during pregnancy
Baseline variables that were identified in a logistic regression model to be independently predictive of having at least one flare during pregnancy included age at screening (p = 0.003), low C4 (p = 0.024), and PGA score (p = 0.0005) ( Table 3 ). Older patients were at decreased risk of experiencing a flare, as well as those with quiescent disease at baseline. Clinical features associated with adverse pregnancy outcome in the PROMISSE study, including platelet count, antihypertensive use, and lupus anticoagulant, were not predictive of flare. When multiple occurrences of flare in the same patient were accounted for in the analysis by fitting a negative binomial regression model to the data, age, low C4, and PGA were again found to be the strongest predictors of flare during pregnancy. Since neither baseline variables nor variables evaluated during the last pregnancy visit were found to be associated with post-partum flares, multivariable analyses of these data were not performed.
Discussion
In this multicenter, multiethnic, and multiracial prospective study of SLE pregnancy, both intrapartum and postpartum flares occurred in a quarter of the patients. The majority of these flares were mild, with few requiring a change in therapy. Patients likely to flare during pregnancy were characterized by higher disease activity at baseline defined by PGA and SLEPDAI scores, nonwhite race, younger age, and lower complement. However, even in patients with risk factors, rates of flares were low. No predictors of flares post-partum were identified, including having had a flare during pregnancy.
Other studies have assessed lupus flares during pregnancy with differing results. Some report higher rates ranging from 37.7 to 74% of patients [7] [8] [9] [10] [11] [12] 15] , and several are in accord with our results, showing lower rates of flare (19.4-25%) [2, 5, 6] . In the latter, more than 90% of patients had low, very low, or no disease activity during pregnancy [2, 5, 6] . To compare our study to the only other multi-ethnic prospective cohort, we estimated the incidence of flare per person-year. Mild/moderate flares occurred at a rate of 0.3 per person-year and severe flares at 0.09 per person-year. This rate is lower than that identified in the Hopkins Lupus Cohort of 1.6 flares per person-year reported in 1991 and 0.6 flares per person-year reported in 2018 [9, 10] . Differences between these reports may be accounted for varying definitions of flare applied in each cohort. We selected the SELENA-SLEDAI Flare Index with the adaptation for pregnancy (SLEPDAI). This instrument takes into account attribution to lupus activity and not physiologic changes in pregnancy that might mimic lupus such as chloasma, headache and thrombocytopenia of PE, or hyperemia of hands, and bland knee effusions [14] . The most likely reason for our lower rates of flares is that PROMISSE patients had inactive or stable mild disease activity during the first trimester. Indeed, low flare rates were reported in two studies that included SLE patients with quiescent disease early in their pregnancies. In Cavallasca et al.'s cohort, only 5% of patients had active disease at the beginning of pregnancy, and in Gotestam et al.'s cohort, over 50% of patients had zero disease activity as measured by Lupus Activity Index (LAI) during the first trimester [2, 6] . In contrast, patients in the Hopkins Lupus Cohort in which higher intrapartum rates of flares were observed tended to have more severe disease; 12.5% of patients seen before conception had high disease activity and 10% more patients had a history of nephritis than in our cohort [3, 15] . Of note, only 8% of patients in the Hopkins cohort with low disease activity before pregnancy transitioned to have active lupus during pregnancy compared to 58% of patients who had high disease activity before pregnancy confirming the benefit of quiescent disease before pregnancy [3] . The discrepancy in flare rates among cohorts may also be attributable to differences in the ethnic and racial composition. In support of this consideration, race (non-white) was an independent risk factor for flare in PROMISSE. [2, 5, 6] . We found no increased rate of lupus flares between 2 and 6 months post-partum compared to that during pregnancy with an overall flare rate of 24.4%; the rate of mild/moderate flares was 0.8 per person-year and the rate of severe flares was 0.06 per person-year. While fewer studies have assessed flares postpartum, our findings are similar to other studies. The highest reported frequency of flare from Ruiz-Irastorza et al. was 1.8 per person-year, suggesting that almost every patient could flare in the first 6 months post-partum [12] . This rate may be much higher than ours and that of the Hopkins cohort (0.36-0.72 flare per person-year), because in this analysis, flares were only in the first 6 weeks postpartum, while we evaluated flares 2-6 months post- partum and the Hopkins cohort assessed flares in the first year post-partum [10] . The Hopkins cohort did find an increase in flare in the initial 12 weeks postpartum, consistent with Ruiz-Irastorza et al. Possibly, this early post-partum period (before 6 weeks) is different from the more extended post-partum period that we evaluated.
In the present study, we found no medications to be associated with flare, including hydroxychloroquine. Other studies have suggested that hydroxychloroquine has a protective effect during pregnancy leading to fewer flares or lower disease activity in patients continuing hydroxychloroquine during pregnancy [2, 10, 15] . While our study found no benefit from hydroxychloroquine, 60% of our patients were taking it throughout pregnancy. Additionally, there may be confounding by indication, and our study was not designed to examine this variable.
Our analysis benefited from studying a large multiethnic, multiracial cohort of patients. Additional strengths are its prospective nature and focus on predictors of flare. However, limitations are acknowledged. This study's inclusion largely of patients with quiescent disease at baseline and exclusion of those with SLE requiring high dose prednisone and current nephritis limits its generalizability to all SLE patients. Despite the expertise of the rheumatologists involved and careful tracking of patients, it is possible that some flares could have been missed, given scheduling of patients every trimester, although every attempt was made to capture patients when they were experiencing a flare. Scheduling of our post-partum visit at 3 months is a greater limitation, given data from other studies pointing to increased risk soon after birth. Additionally, about 10% of the PRO-MISSE study patients followed in pregnancy did not have a post-partum visit. Finally, since many patients presented to this study only after conception, we have no data to review disease activity prior to pregnancy to determine whether pregnancy per se increased the risk for flare.
Conclusions
In patients with inactive or stable mild disease at conception, lupus disease flares during and after pregnancy are typically mild and occur at similar rates. Flares during pregnancy are predicted by age and clinical and serological activity at baseline.
The current study extends previous reports from the PROMISSE study to the post-partum period and examines predictors of flares with multivariate analyses. Based on these results, physicians can reassure their patients that if they plan their pregnancy at a time of quiescence, they are unlikely to have a flare during or in the 6 months after pregnancy. 
